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(54) Needling apparatus for fibrous preform 

(57) A fibre preform needling installation comprises 
support tooling (10) having the shape of the preform to be 
made and on which superposed layers of fibrous fabric can 
be draped; a needling head (30) comprising a group of 
reciprocable needles and a perforated stripper plate; an 
arm (25) of a robot or machine tool carrying the needling 
head and possessing a plurality of degrees of freedom; 
and a control device (28) for automatically controlling the 
displacement of the arm to move the needling head along 
predetermined trajectories and with predetermined 
orientations. The tooling (1 0) may also have plural degrees 
of freedom and in particular may be rotated after each 
successive layer has been needled. The stripper plate may 
be spring biassed, the preform may be of carbon or 
ceramic fibre or a precursor of these. 
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AN INSTALLATION FOR MAKING NEEDLED FIBER PREFORMS FOR USE IN 
MANUFACTURING PARTS MADE OF COMPOSITE MATERIAL 

The invention relates in general to making parts of 
composite material comprising fiber reinforcement densified by 
5 a matrix. More precisely, the invention relates to making 

fiber reinforcement constituting a needled fiber preform whose 
shape corresponds substantially to that of the part to be 
manufactured . 

One particular, but not exclusive, field to which the 
10 invention is applicable is making preforms for parts made of 
thermostructural composite material. Such a material is 
characterized by high mechanical performance and by the ability 
to conserve its performance up to high temperatures. Typical 
thermostructural composite materials are carbon/carbon (C/C) 
15 composites having carbon fiber reinforcement and a carbon 

matrix, and ceramic matrix composites (CMC) which generally 
have a reinforcement made of carbon fibers or of ceramic 
fibers. 

A known method of making fiber preforms consists in 
20 superposing layers of two dimensional fiber fabric such as a 

cloth or a felt, and in interconnecting the layers by needling. 
For a part that is to be subjected to high mechanical or 
thermomechanical stresses, it is desirable to obtain bonding 
between the layers of a preform in order to avoid the part 
25 being damaged or destroyed by delaminating, i.e. by two of its 
layers coming apart. 

Documents FR-A-2 557 550, FR-A-2 584 106, and FR-A-2 584 107 
describe methods and installations for manufacturing needled 
fiber preforms, and respectively: non-cylindrical asymmetrical 
30 preforms; preforms comprising layers stacked flat; and 

circularly symmetrical cylindrical preforms. According to 
those documents, the preforms are made up of a plurality of 
wound or superposed layers formed- by a tape or a strip of 
cloth. As the preform is built up, each new layer is needled 
35 to the underlying structure, by using a set of needles extending 
across the entire width o£ the tape or the strip of cloth. 



The above-mentioned methods and installations are suitable 
for making preforms of a general shape that is relatively 
simple, but they cannot be used for more complicated shapes. 

An object of the present invention is thus to provide an 
installation which does not suffer from such a limitation and 
which consequently makes it possible to make fiber preforms 
that are complex in shape. 

According to the invention, this object is achieved by 
means of an installation comprising: 

support tooling having a shape that corresponds to that of 
the preform to be made and on which superposed layers of a two- 
dimensional fiber fabric can be draped; 

a needling head comprising a group of needles, a device 
for driving the needles lengthwise with reciprocating 
translation motion, and a bearing plate provided with 
perforations to pass the needles and suitable for being pressed 
against a layer draped over the support tooling; 

an arm carrying the needling head and possessing a 
plurality of degrees of freedom; and 

a control device for automatically controlling the 
displacement of the arm to move the needling head within the 
range of the arm along predetermined trajectories and with 
predetermined orientations . 

An essential characteristic of the invention consists in 
mounting the needling head on an arm which preferably has six 
degrees of freedom, with the term "arm" being used herein to 
designate not only the arm of a robot, but also a tool -carrying 
spindle in a numerically controlled machine tool, and more 
generally any member capable of carrying the needling head and 
having a plurality of degrees of freedom. Consequently, after 
a layer has been draped over the supporting tooling, this layer 
may be needled by causing the needling head to follow 
predetermined trajectories to cover the entire area of the 
layer. In addition, the direction in which the head points is 
adjustable in each of its positions so as to enable it to adapt 
to the profile of the draped layer. 
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According to another characteristic of the invention, the 
needling head is provided with a perforated bearing plate 
through which the needles pass. The bearing plate performs a 
holding function analogous to that of the presser foot of a 
5 sewing machine, i.e. it holds the layer that is being needled 
in place* Since the bearing plate is pressed against the layer 
being needled, it also serves to compact the preform, thereby 
improving needling and increasing the inter- lamination shear 
strength of the part (i.e. parallel to its layers). In 
10 addition, the bearing plate performs a stripping function by 

retaining the fibers that could otherwise be entrained with the 
needles when the needles leave the preform. 

An embodiment of an installation in accordance with the 
invention is now described by way of non-limiting example and 
15 with reference to the accompanying drawings, in which: 

Figure 1 is an overall view of a needling installation of 
the invention; 

Figures 2 and 3 are views showing the needling head of the 
Figure 1 installation on a larger scale; and 
20 Figures 4 and 5 show the operation of the Figure 1 

installation. 

Figure 1 is a diagram of a needling installation 
comprising supporting tooling 10 fixed on a table 19 for 
receiving the layers of the fiber preform to be needled, a 
25 robot 20 and its control unit 28 connected to an operator 

console 29, and a needling head 30 fixed to the end of the arm 
25 of the robot 20. 

The robot 20 and its control unit 28 are constituted by 
any commercially available programmable machine providing six 
30 degrees of freedom at the end of the arm, e.g. the machine sold 
under reference RS 156 by the French firm Staubli. 

In the example shown, the robot 20 comprises a column 21 
having a support 22 vertically movable therealong (along an 
axis a) and capable of rotating about a vertical axis (likewise 
35 the axis a). A rod 23 is hinged to the support 22 (about a 
vertical axis b). By combining the three degrees of freedom: 
translation motion along the axis a, rotation about the axis a, 
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and rotation bout the axis b, it is possible to bring the end 
of the robot arm into any position in the space lying within 
the range of the robot. 

The end of the rod 23 carries a triple hinge 24 which 
5 together with the rod 23 forms the arm of the robot 25. The 
triple hinge 24 enables the end of the robot arm to be tilted 
into any direction in three dimensions by combining three 
rotary motions respectively about the horizontal axis c of the 
rod 23 (or an axis parallel thereto), about a horizontal axis d 
10 perpendicular to the axis c, and about a vertical axis e 
perpendicular to both axes c and d. 

Motors (not shown) serve to perform displacements about 
the six above-mentioned degrees of freedom and they are 
controlled by signals produced by the control_unit 28 to which 
15 the robot is connected by a flexible cable 27. 

The volume within which the robot can act may be increased 
by fixing the tooling 10 on a table which is itself 
displaceable, e.g. along at least two orthogonal horizontal 
axes X and Y. Other degrees of freedom could be given to the 
20 table, e.g. it could be capable of rotating about a vertical 

axis and of tilting about a horizontal axis. The movements of 
the table are then under the control of signals produced by the 
control unit 28 so that the movements of the table and the 
movements of the robot arm are coordinated in order to bring 
25 the needling head into the desired position relative to the 
support tooling. 

As shown in detail in Figures 2 and 3, the needling head 
30 comprises a set of needles 31 that are mutually parallel and 
fixed to a needle-carrying piece 32. This piece is driven with 
30 reciprocating translation motion parallel to the needles by 
means of a double crank and connecting rod system 33. The 
cranks are constrained to rotate with wheels 34 and 35 that are 
rotated in opposite directions. To this end, the wheels 34 and 
35 are mounted on shafts carrying gear wheels over which a cog 
35 belt 36 passes. The belt 36 is driven by a gear wheel on the 
drive shaft 37 of an electric motor 38. 
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The shafts of the wheels 34 and 35 and of the motor 37 are 
carried by a plate 39 for supporting, the needling head, which 
plate is fixed to the end of the arm 25. 

The plate 39 also carries a perforated bearing plate 40. 
5 This plate is mounted at the end of a rod 41 which is capable 
of sliding parallel to the needles 31 inside a tubular part 42 
fixed to the plate 39. A return spring 43 urges the bearing 
plate 40 towards an abutment position which is distant from the 
plate 39. 

10 The bearing plate 40 faces the ends of the needles 31 and 

has perorations 45 through which the needles pass during their 
reciprocating motion. 

Thus, the needling head 30 constitutes a self-contained 
assembly having its own drive motor carried by the robot arm. 
15 The motor is controlled by the control unit 28 to which it is 
connected by a flexible cable 44. 

The needling head is advantageously interchangeable, in 
full or in part, so as to enable it to be adapted to the shape 
and the size of the fiber preform. Thus, the number of needles 
20 in the set of needles 31 may be increased or decreased. 

The above-described needling installation operates as 
follows. 

The support tooling 10 constitutes a shape whose outside 
surface corresponds to the shape that is to be imparted to the 
25 fiber preform. In the example shown in Figure 1, this shape is 
approximately that of a parabolic dish and is intended to 
constitute the front portion or "nose" of a space aircraft. 

The support tooling is made of a material that is easily 
machined or molded, e.g. expanded polystyrene. It is covered 
30 with a base felt 11 (Figure 4), e.g. made of polyurethane, and 
into which the needles can penetrate easily while the first 
layers of the preform are being needled. A sheet 12, e.g. of 
polyvinyl chloride, is glued on the base felt. During 
needling, the sheet 12 is punctured by the needles but it 
35 prevents the fibers of the fiber preform being engaged in the 
base felt which would otherwise complicate removing the 
finished preform. 
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The fiber preform is built up from superposed layers 13 of 
fiber fabric. This fabric may be constituted, for example, by 
a deformable cloth that has been pre-needled with a fiber web. 
The cloth and the web are both made of fibers of a material 
5 that has been selected for the preform or of a precursor of 

such a material that is more suitable for being subjected to a 
needling operation. For high temperature applications, the 
preform may be made, for example, of carbon fibers, or of 
preoxidized polyacrylonitrile (PAN) fibers, that constitute a 
10 precursor for carbon, or of ceramic fibers, or of fibers made 
of a precursor for a ceramic. Preoxidized PAN is transformed 
into carbon or a ceramic precursor is transformed into a 
ceramic by heat treatment after the preform has been made. 
Each time a new layer is superposed on the support 
15 tooling, this layer is needled to the underlying structure 
( Figure 5 ) . Advantageously, the depth to which the needles 
penetrate into the structure is constant throughout the 
needling process. 

The position and the orientation of the needling head are 
20 controlled to needle each layer along pre-established paths at 
a predetermined angle of incidence, which is generally normal 
to the layer in the needling zone. 

The position of the needling head is defined so as to 
bring the bearing plate 40 against the layers to be needled so 
25 as to cause the spring 43 to exert pressure thereon (Figure 5). 
The pressure exerted by the thrust plate is advantageously 
controlled by compressing the spring 43 by a predetermined 
amount. The spring is compressed by placing the head 
appropriately relative to the most recent layer to be put into 
30 place on the tooling. 

In a variant, the controlled pressure exerted by the 
bearing plate may be exerted by an actuator fixed on the 
needling head and having its actuator rod carrying the bearing 
plate . 

35 Advantageously, the bearing plate may be given a slightly 

curved shape so that it is capable of adapting approximately to 
the profile of the layers draped over the tooling 10, over the 
entire area of said layers. 



The bearing plate enables the needles 31 to pass thorough 
the perforations 45, but it retains any fibers that may be 
entrained by the needles when they are withdrawn from the 
needled structure, thus performing a stripping function. in 
addition, the pressure exerted by the bearing plate ensures 
that: the last-draped layer is held in place and it: enables the 
fiber structure to be compacted at the same time as it is being 
needled. 

Also advantageously, in order to cause the needling 
trajectories to criss-cross from one layer to another, thereby 
avoiding the formation of privileged needling planes in the 
preform, the table 19 including the supporting tooling is 
rotated through a certain angle, e.g. 60°, after each layer has 
been needled. 

After the last layer has been needled, the needled preform 
is removed from the support tooling 10 with the base felt 11 
and the separation sheet 12 being peeled off therefrom. The 
preform can then be densified, e.g. by chemical vapor 
infiltration, thereby obtaining the desired part made of 
composite material. 

In the above description, it has been assumed that the 
robot is used to control the position and the orientation of 
the needling head. As already mentioned, it is possible to 
mount the needling head on the tool-carrying spindle of a 
numerically controlled machine tool having the required number 
of degrees of freedom. 

Under such circumstances, the needles may be driven by the 
spindle of the machine tool. 
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CLAIMS 

1. An installation for making a needled fiber preform 
for use in manufacturing a part made of composite 
material, the installation comprising: 

support tooling having a shape corresponding to that 
of the preform to be made and on which superposed layers 
of a two-dimensional fiber fabric can be draped; 

a needling head comprising a group of needles, a 
device for driving the needles lengthwise with 
reciprocating translational motion, and a bearing plate 
suitable for being pressed against a layer draped over 
the support tooling and being provided withr perforations 
through which the needles are able to pass; 

an arm carrying the needling head and possessing a 
plurality of degrees of freedom; and 

a control device for automatically controlling the 
displacement of the arm to move the needling head within 
the range of the arm along predetermined trajectories and 
with predetermined orientations. 

2. An installation according to claim 1, in which the 
arm possesses at least six degrees of freedom. 

3. An installation according to claim 1 or claim 2, in 
which the support tooling is fixed on a movable table 
having a plurality of degrees of freedom. 

4. An installation according to any one of claims 1 to 
3, in which the bearing plate is movable parallel to the 
needles and is urged by a spring so as to be capable of 
being pressed against the layers to be needled. 
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5. An installation according to claim 4, in which the 
pressure exerted by the bearing plate on the layers to be 
needled is controlled. 

6. An installation according to any one of claims 1 to 
3, in which the bearing plate is carried' by an actuator 
to be pressed against the layers to be needled. 

7. An installation according to any one of claims 1 to 
6, in which the bearing plate has a shape that is 
substantially adapted to the shape of the layers to be 
needled that are draped over the support tooling. 

8. An installation according to claim 1 / substantially 
as described with reference to the accompanying drawings. 
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